The advent of bariatric surgery has led to a subspecialty in plastic surgery for skin and fat contouring which remain after massive weight loss. The author discusses the preoperative assessment, surgical treatment plan, postoperative management, possible complications, and benefits of postbariatric surgery. Preoperative planning includes medical history and patient assessment. Surgical procedures for brachioplasty, upper back lift, breast reshaping, abdominoplasty, panniculectomy, lower back lift, and thigh lift are discussed. Indications, postoperative complications, and benefits are also discussed. The best candidates for postbariatric plastic surgery are those who have achieved weight loss stability with a BMI of 32 or less and who have adequate nutrition in order to heal the surgical excisions. Abdominal and truncal deformity are the most common presenting complaints in massive weight loss patients, and the procedure of choice to address this region is a body lift. Postoperative care focuses on patient safety, prioritizing in deep venous thrombosis (DVT) prophylaxis and seroma prevention. Postbariatric body contouring aims to correct the deformity due to the excess of skin after massive weight loss and to restore a sense of normalcy.
Introduction
Obesity is when body weight exceeds ideal body weight (IBW) by 20% or a body mass index (BMI) of 30-35 kg/m 2 . In 1991, the National Institutes of Health defined morbid obesity as a BMI of greater than 35 kg/m 2 with severe obesity-related comorbidity or a BMI of greater than 40 kg/m 2 without comorbidity ( Table 1) . 1 Obesity is further classified into different types according to BMI (Table 2) . 2 In Finland, 70% of men and 56% of women are overweight (BMI, [25] [26] [27] [28] [29] [30] , with an overall obesity prevalence (BMI .30) of 23% among adults. 3 Based on the latest estimates in European Union countries, over 50% of the people are overweight or obese. 4 More than one-third (34.9% or 78.6 million) of US adults are obese. 5 Obesity increases the risk of complications and mortality in many surgical procedures because of its correlation with deficient wound healing. 6 In obesity there is an excess of body fat, which can be distributed equally all over the body or concentrated in particular regions. There are sex differences in the distribution of body fat. Males have less body fat, which is usually distributed around the waist, especially in the abdominal area, and this type of fat distribution is called android. Females normally have a higher fat percentage than men and fat is deposited around The terms, body contouring or post-MWL body contouring, can be applied to any surgical procedure used to modify the skin envelope, subcutaneous layer, and/or investing fascia, and includes a wide range of operations performed to treat the MWL patient.
After a rapid and massive weight loss, there is a sudden change in BMI which leads to skin and soft tissue becoming redundant with a poor tone. Surplus skin and malpositioned adipose deposits can contribute to medical conditions such as irritation, fungal infections, poor hygiene, skin breakdown, physical function impairments, and low self-esteem. 13 Therefore, excisional surgery may relieve these symptoms and, for all these reasons, it should be considered to be reconstructive rather than cosmetic. 14 However, MWL patients are also seeking an aesthetic outcome to improve their body image and self-esteem.
Medical comorbidities and nutritional assessment
Many morbidly obese patients have significantly improved their medical status because of bariatric surgery. 9 However, any medical problems and psychosocial issues should be assessed and addressed before surgery with an appropriate multidisciplinary consultation in order to optimize the patient for the procedure. 15 A history of dumping syndrome and its duration need to be assessed, as well as constitutional symptoms, like nausea and vomiting, because a prolonged emesis can be the sign of a mechanical problem requiring further investigations on the part of the bariatric surgeon. 13 Although vast medical improvement is seen with significant weight loss, the plastic surgeon must critically evaluate unsolved medical issues (diabetes, cardiac disease, obstructive sleep apnea, and venous thromboembolism risk). 13 Particular attention must be paid to the patient's current prescription medication regimen. Antiplatelet and nonsteroidal anti-inflammatory agents must be discontinued for at least 2 weeks before surgery. Specifically, the surgeon must ask about any herbal medications or nutritional supplements used by the patients. 16 The negative effects of tobacco smoke should be pointed out, and surgery should be deferred for all active smokers. One month before surgery, a urine cotinine test can be administrated to prove that the patient is tobaccofree. 17, 18 Preoperative appropriate nutritional assessment remains crucial. Malabsorptive deficiencies may be less common in patients previously treated by restrictive procedures. Class i (low risk) obesity 35-39.9 Class ii (medium risk) obesity $40
Class iii (high risk) obesity their thighs and buttocks; this type of distribution is called gynecoid. Therefore, obese women tend to deposit fat in the lower part of the body. To date, bariatric surgery is the most effective treatment for morbid obesity. 7 The efficacy of bariatric procedures in the induction and maintenance of weight loss is largely superior to that obtainable by current medical therapies. 7, 8 Surgery results in greater improvement in weight-loss outcomes and weight-associated comorbidities compared with nonsurgical interventions, regardless of the type of procedure used. 9 Massive weight loss (MWL) following bariatric surgery has created a fast-growing population of patients eligible for body contouring with a unique combination of problems and an increasing demand for these procedures. 10 Indeed, clear guidelines for treating these patients are still lacking.
Body contouring after massive weight loss
MWL is defined as the loss of greater than 100% above the person's IBW. 11, 12 Although this amount of weight loss is most commonly found in bariatric surgery settings, plastic surgeons should distinguish between patients who have undergone bariatric/metabolic surgery and those who have lost weight only through diet and exercise, because malabsorptive procedures produce a number of nutritional deficiencies not otherwise seen. Furthermore, they need to understand the differences between different bariatric surgical techniques and take their basic working mechanism into consideration as patients having purely restrictive procedures are less likely to suffer from many of the metabolic complications and deficiencies that may be seen after malabsorptive weight loss operations. 13 Open Access Surgery 2015:8 submit your manuscript | www.dovepress.com
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Removal of excess skin after massive weight loss However, they might present with nutritional derangements secondary to caloric restriction. 13 Medications and nutritional supplements, such as iron, Vitamin B 12 , calcium, and multivitamins, are often prescribed after laparoscopic Roux-en-Y gastric bypass (LRYGB). It is important to assess the amount of daily protein intake and the perioperative goal of 70-100 g/day is encouraged. 19 Therefore, the preoperative laboratory work-up should include metabolic and nutritional parameters, like hematocrit, hemoglobin, basic metabolic panel, and prealbumin levels, as inadequate nutrition is common among postbariatric patients presenting for body contouring. 20 Finally, particular attention should be paid to previous incisions that may compromise blood flow to flaps elevated during body-contouring procedures. Hernias are common in patients who have undergone open surgical procedures (laparotomy, cholecystectomy) while still obese, and there might be a need for abdominal wall reconstruction affecting the surgical plan. Indeed, superficial venous varicosities should be considered in the patient undergoing contouring of the thigh. 13 
Patient selection
Most postbariatric patients desire body contouring, and a number of studies have shown that from 25% up to 54%, and as many as 84.5% of postbariatric patients desire body contouring, but only 21%-25% actually undergo these procedures. 10, 12, 15, [21] [22] [23] [24] Assessing candidates' weight fluctuations over time is important in order to understand whether the patient has recently gained or lost weight, or if the patient has reached a plateau. A stable weight reduces the rate of complications and leads to better cosmetic results. 25 In terms of timing, surgery should be performed when the patient's weight is stable, with recommendations of 12-18 months following the bariatric operation and 4-6 months without weight fluctuation. Usually, the lower the BMI at the time of body contouring, the better the cosmetic result and the lower the rate of surgical complications. 24 Therefore, patients still willing to lose weight should postpone the surgery for a period of 6 months until they reach their optimal weight; otherwise, sagging skin will occur again.
To date, there is no clear BMI cut-off above which surgery should be refused, but some authors recommended that the upper limit for MWL surgery should not exceed a current BMI of 32, because higher BMIs have been associated with increased risk of complications. 26 However, MWL patients may have an artificially elevated BMI from rolls of redundant skin. 27 An attempt to define national guidelines has recently been proposed in the UK, 28 requiring a BMI ,28 and/or an excess weight loss percent .75% with a weight stability of over 12 months. Similarly, in Finland, guidelines have been proposed in 2010 with a BMI cut-off of 32, but panniculectomy can be performed for improving patients' functions. 29 In Sweden, abdominoplasty in postbariatric surgery patients is indicated if the panniculus hangs over 3 cm within a stable BMI ,30, (while in Denmark BMI has to be ,30 and a ∆BMI .15). 30 Plastic surgeons should be very selective when dealing with patients presenting with a BMI between 30 and 35, looking at individual patterns of body fat distribution to guide surgical planning. For example, a patient with an android body type might have a large intra-abdominal fat amount that limits an effective abdominal contouring. Similarly, patients with a BMI between 35 and 40 tend to have a thicker subcutaneous adipose layer, also limiting aesthetic contouring, although they might be good candidates for liposuction. Thus, for these patients, functional procedures like panniculectomy or reduction mammaplasty can improve comfort during exercise and facilitate further weight loss. 13, 15 A complete evaluation of anatomic deformities is needed for planning the specific procedures. Skin redundancy and quality, lipodystrophy, and adherent folds have to be noted. Furthermore, varicose veins, lymphedema, and overall scar evaluation are also important. 13 The Pittsburgh rating can facilitate the preoperative planning and is a useful tool in quantifying the improvement after surgery with systematic assessing and quantifying of the deformities for each body region (Table 3) . 31 Patient expectations must be assessed at the initial patient consultation. Generally, postbariatric surgery patients want the procedure immediately, they want perfect results, no downtime, and no risks. 15 A recent study showed that 36.4% of postbariatric surgery patients have very high expectations as to how body contouring might change their appearance. 27 Thus, patients have to be informed that body-contouring procedures are complex and labor-intensive, with big scars, long recovery times, and common wound healing complications. 12 Patients presenting for postbariatric reconstruction should be aware that the procedures are mostly functional and the results may not be equivalent to an aesthetic surgery operation. 23 Overall, the MWL patient population is satisfied after body-contouring surgery with an improved quality of life, [32] [33] [34] [35] [36] [37] [38] also in the long-term. 25 However, preoperative photographs are kept in the patient record in order to show the dramatic differences in overall contour in case of issues about minor Giordano wound-healing problems, scar asymmetry, spitting sutures, seromas, and other minor complications. 38 Body dysmorphic disorder might be present in this population and it is recommended to identify this before surgery. Thus any patient with a psychiatric diagnosis beyond simple depression should be followed up. 37 Staging procedures can be beneficial in order to limit the surgical time, because longer operating times are associated with an increased rate of complications. 12 Therefore, multiple procedures can be combined safely, resulting in less anesthetic time, less blood loss, and reduced surgeon fatigue. 38 Great effort should be applied to understand which anatomic areas are of greatest concern to the patient. A typical approach to staging for a MWL patient desiring total body contouring includes, firstly, lower body lift including breast or arm procedures, followed by medial thigh, and upper back surgery. Facial rejuvenation procedures are performed last. 38 The patient's highest priority body areas should be addressed and treated first, and a period of at least 3 months between stages is recommended because of wound healing and scar stabilization. 11, 15 
Body-contouring procedures
Body-contouring procedures following MWL can be divided into lower body lift or belt lipectomy, thigh lift, brachioplasty, upper body lift, and breast reshaping. Venous thromboembolism prophylaxis includes the use of compression device, flexing the knees on a pillow, and, more important, postoperative administration of low-molecular-weight heparin or unfractionated heparin. 11, 39 Intraoperative fluid management should be monitored continuously by blood pressure, urinary output, and estimated blood loss. 12, 40 Indeed, postbariatric patients have an elevated risk for hypothermia, so it is important to maintain a normothermic temperature and reduce the time of exposure. Finally, operative time should preferably be kept under 6 hours to minimize complications. 38, 41 Although many surgical operations can be performed safely without prophylactic drainage, drain placement following postbariatric surgery procedures is recommended to prevent or reduce seroma formation. 11, 42 The timing of drain removal is the surgeon's choice as there is no evidence at present about this issue. 42 The overall risk for venous thromboembolism is about 2.9% for all patients undergoing body-contouring surgery. This rate can increase to 8.9% for patients with a BMI . 35. 11 All patients should be treated with intermittent pneumatic compression devices applied before the induction of general anesthesia, and consideration should be given to the use of unfractionated or low-molecular-weight heparin on the night of the surgery or during the postoperative period, on the basis of established risk factors. 43 Edema is particularly common after surgery on the arms or legs, especially after extended thigh lifts. Compressive wrapping from distal to proximal and elevation may be performed by the patient. Good nutrition is crucial after large excisional lifting procedures. Protein and vitamin intake should be optimized, as well as patient hydration. 12 
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Removal of excess skin after massive weight loss Postbariatric surgery procedures are mostly clean surgeries, therefore, antibiotic prophylaxis is only indicated when the operation lasts more than 3 hours and/or the American Society of Anesthesiologists score is 3 or more. 44 Postoperative pain management should be carried out through the use of multimodal analgesia, but other modalities such as regional blocks, pain pumps, and patient positioning should also be considered. 45, 46 Brachioplasty Traditional brachioplasty includes incisions along the length of the upper arm, worked out within the axilla, and, for batwing deformity, it can continue along the lateral chest wall. 47 Markings are drawn with the arm elevated at 90°; they are guided by pinch test along the arm and may require intraoperative modification. Recent reports showed that additional liposuction is a safe and efficient technique, 48 but we prefer to limit it, because it may exacerbate skin laxity. Incision is often posterior to the antebrachial groove, deepening to the fascia overlying muscle and neurovascular structures, taking care to avoid injuries to the medial antebrachial cutaneous nerve, near the basilic vein in the distal third of the arm (Figure 1 ). 49 
Upper back lift
Upper back lift is indicated in patients with a pronounced upper back skin laxity. It is best performed at a different time from lower body lift because of opposing lines of tension. 50 Markings are made, with the patient standing, across the upper back, and the distance between them is determined by pinch test and scar location. Intraoperatively, the patient is first made to lie prone with arms at no greater than 90° to avoid tension closure and the upper incision is made, and the back tissue is elevated inferiorly from the deep fascia. The amount of tissue removal is guided by the preoperative marks. Drains are placed laterally on each side and the incisions are sutured in layers. Then the patient is turned to a supine position in order to taper the back closure anteriorly (Figure 2 ). 51 
Breast reshaping
Breast deformities in postbariatric surgery patients can be different and very challenging. Usually, the main problems to be addressed are the ptosis, the loss of volume, and the redundant skin. Volume loss is proportional to weight loss, and the amount of residual gland determines the surgical choice. If the volume left is considered enough, a gland reshaping can be performed. If a volume increase is considered advisable, then a mammary implant is necessary. 52 Round block techniques, with or without implants, are indicated in case of minor ptosis with a periareolar incision approach, 53 including a complete undermining of the glandular upper pole in order to lift the breast, while the lower pole is left Giordano undetached in order to guarantee a good blood perfusion. In case of pronounced ptosis (over 6 cm), the L-technique is advisable, using a superior pedicle to support the nipple areola complex and breast suspension reducing and emphasizing the volume. Autoprosthesis can be used for glandular shaping, de-epithelializing, and harvesting flaps from the inferior or lateral part of the trunk and inserted in a pocket between the breast and the pectoralis major muscle fascia. If autoprosthesis cannot be performed and an implant is unavoidable, we prefer to harvest all the mammary glandular tissue on a superior pedicle. 53 In many cases, the team option is a simple breast reduction (posteroinferior or superomedial pedicle, Figure 3 ).
Abdominoplasty
Indications for surgery include significant truncal skin redundancy and circumferential lipodystrophy, but abdominoplasty does not treat lipodystrophy in the peritoneal cavity. We prefer to first perform a lower back lift if a lower body lift/ belt lipectomy is planned. The patient is marked, in a standing position, with a mark on the pubis 7 cm above the pubic cleft. Incision is extended from hip to hip along the upper lateral thigh to the waist. 54 An upper mark is estimated crossing the umbilicus. An additional liposuction may be performed at the same time. The surgery is performed with the patient in a supine position. Incisions are first made in the suprapubic area according to the preoperative markings, then around the umbilicus. Dissection is carried out through the subcutaneous fat to the rectus fascia, up to the xiphoid, taking care to spare soft tissue pads over the femoral triangles. 51 If diastasis of rectus muscle is observed, a midline plication of the abdominal wall is performed. If hernias have been detected, they should be repaired at the same time as body-contouring procedures for the lower trunk. Particular attention should be taken if scars of previous abdominal procedures are present, because they require special adjustments in planning and performing the procedure. Then, the new umbilical position is marked and the excess skin is removed in order to obtain an approximation, without significant skin tension. Skin closure is performed in layers with drains ( Figure 4 ).
Panniculectomy
Some obese or postbariatric surgery patients may present with a panniculus morbidus. This excess pannus can limit exercise capabilities, can restrict hygiene, and may progress to a pathologic entity such as intertrigo, cellulitis, skin ulceration, and ischemic panniculitis. 55 In extreme cases, a panniculus can have recurrent infections, ulcerate, and even necrose, requiring an emergency procedure.
Therefore, panniculectomy can be an adjuvant to bariatric surgery, and it can be beneficial for many patients undergoing weight reduction surgery, either done at the same time as bariatric surgery or later after significant weight reduction. 56 With the patient preferably standing upright, the pannus is marked at the superior border to define the proposed extent of the elliptical resection. Using preoperative markings as a guide, the skin incision is started along the superior marks. The incision is then extended down through the subcutaneous fat layer and the dissection continues down to a plane superficial to the anterior abdominal fascia. 57 Contrary to abdominoplasty, the upper abdominal flap is not undermined and the umbilicus cannot be preserved. Wound closure is performed in layers with drains ( Figure 5 ).
Lower back lift
Lower back lift is usually performed when patients present with back skin laxity. Very often they have "saddlebag" collections of fat, so an additional liposuction will improve the contour and enhance the thigh lift. 58 It is generally performed together with abdominoplasty for a circumferential belt 
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Removal of excess skin after massive weight loss lipectomy or lower body lift. Performing a gluteal reconstruction is crucial in order to avoid a flat buttock without waist definition. 59 The patient is marked in the standing position. Superior and inferior marks are drawn across the lower back, and the distance between them is determined by pinch test and ultimate scar location. The marks are tapered anteriorly into the abdominoplasty markings for a circumferential belt lipectomy or into thigh-lift marks. If gluteal augmentation is planned, the proposed gluteal flaps are drawn between these marks and need to be low enough to allow rotation low into the buttock region. 60 The procedure is first performed with the patient in a prone position, incisions are carried out till the deep fascia according to preoperative marks and excess tissue is elevated. Tailor tacking is always advisable to determine the tissue to be removed. If autogluteal augmentation is planned, the gluteal flaps are de-epithelialized and pockets are designed over the gluteal muscles where the flaps will be rotated. 61 The patient is then turned into the supine position for the abdominoplasty. Thigh lift may also be performed at the same time, constituting a total lower body-lift procedure ( Figure 6 ). 52 
Thigh lift
Patients with laxity of the upper half of the thigh and good skin quality are good candidates for proximal thigh-lifting procedures, in whom scars could be hidden in the groin creases. However, if the excess skin of the thigh extends from the pubis, an extended thigh lift is indicated. 62 Patients are marked in a standing position. The groin creases are marked symmetrically along the mons pubis edge, and the outer portion of the crescent excision is guided by pinch test to delineate the skin to be removed. The incisions may continue posteriorly into the infragluteal crease and superiorly into the abdomen to increase the skin removal. In case of the extended procedure, vertical incisions are also marked along the inner thigh, guided by pinch testing. 62 The patient is in a supine position with the legs stabilized on the spreader bars during the procedure. The skin over the fascia overlying the thigh muscles is removed according to the preoperative marks, and soft tissue padding is conserved on the ischial bone. The inferior thigh skin flaps are approximated from Scarpa's fascia layer (superficial fascial system) to the ischial periosteum using a permanent suture, with an adequate periosteal bite ensuring fixation, in order to reduce complications related to the traction on the perineum and for a better long-term scar (Figure 7 ). 62
Postoperative complications
Postbariatric surgery patients have a 60%-87% increased risk of complications compared with nonbariatric patients for body-contouring procedures after MWL. 63 The most common complications seen after surgery include woundhealing problems, seromas and lymphoceles, infections, venous thromboembolism (1%-9.3%), 12, 39, 41 hypothermia (,35°C), 38 lymphedema, hematomas, and nerve injury. Wound-healing problems are the most frequent after 
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Giordano body-contouring procedures, and they more often occur in patients with obesity, diabetes, endocrine disorders, Ehlers-Danlos syndrome, and autoimmune disease, advanced age, peripheral vascular, and coronary artery disease. 12, 63, 64 Multiple comorbidities, presence of bleeding disorders, preoperative albumin level, and malnutrition have recently been significantly associated with increased odds of minor wound complications, 20, 65 while inpatient procedures and functional status have been linked with an increased odds of major surgical morbidity. 66
Benefits of body-contouring surgery after massive weight loss
Patients experience an improved quality of life, self-esteem, sexual life, and body image after body-contouring surgery, 32,67-69 also in the long run. 25, 33 Only one recent study 33 showed that patients electing to have body contouring after bariatric surgery had decreased quality of life even after plastic surgery compared to those patients who did not. This finding was probably due to unrealistic expectations. Nevertheless, body-contouring surgery not only improves the aesthetic outcomes but also corrects the functional impairment due to redundant skin 25, 34 . Furthermore, it has also been demonstrated that patients with body contouring present with better long-term weight control after LRYGB. 70 However, no correlation has been found between the amount of weight loss and improvement of quality of life. Therefore, for all these reasons, body-contouring surgery should be considered as a reconstructive operation in the treatment of morbid obesity in selected patients after MWL.
Conclusion
Postbariatric plastic surgery aims to treat both the functional and aesthetic problems caused by the surplus skin, increasing the patient's quality of life and self-esteem. These patients generally have very high expectations for both aesthetic outcomes and improved quality of life. 24 There are discrepancies between patients who receive and who do not receive body-contouring surgery after MWL, which might be attributed to their social status. 71 These procedures are not covered by third party payers in the USA but are usually restricted to abdominal problems, and only panniculectomies are covered. In addition, most of the patients cannot afford the cost of the surgery. 72 Public insurance may offer and cover body-contouring procedures, but decisions have to be supported by appropriate indications. 73 We believe that total weight loss and ∆BMI are more important criteria for assessing this kind of patient rather than merely BMI. 24, 27 Particularly, it has been showed that a weight loss over 20 kg and a ∆BMI .10 kg/m 2 might be considered for selecting patients for body-contouring surgery in a public health care insurance system. 24, 27 There is a lack of knowledge of the medical necessity criteria for these procedures in light of funding in insurance and public health systems. The average estimated cost of postbariatric surgery body contouring is relatively high, due to the multiple procedures, and it increases in case of complications. Therefore, it is very important to address coverage guidelines with an effort to unify them.
Health care professionals must address the current imbalance between requests for and the performance of bodycontouring surgery in adults and also in adolescents.
